The relevance of H. pylori to the pathogenesis of gastritis and gastroduodenal ulcers has been proposed for about the past 25 years; the presence of this bacterium is now established as the main risk factor in the development of stomach carcinomas and lymphomas. Antibiotic treatment does not always inhibit or kill H. pylori because of the potential side effects of antibiotic resistance. Previous research has indicated that red wines have therapeutic benefits against this bacterium. The purpose of our study was to determine the potential of Italian red wines to inhibit H. pylori in a laboratory medium and to compare their antimicrobial activity with that of red grape juice and with isolated procyanidins. The antiradical capacity of Italian red wines was also determined. In conclusion, a novel approach is offered coupling antioxidant benefits of red wines with synergistic effectiveness.
Dyspepsia and related problems with peptic ulcers linked to Helicobacter pylori are a major problem in many parts of the world [1] . H. pylori is a spiralshaped, Gram-negative bacterium with polar flagella, endowed with a very powerful urease activity; this bacterium lives in the human stomach and duodenum. It is able to counter stomach acid by releasing urease, which converts urea into bicarbonate and ammonia. This creates an acidneutralizing environment protecting H. pylori from the acid in the stomach. Gastric infection with H. pylori may lead to the onset of various gastricrelated diseases [2] .
The relevance of H. pylori for the pathogenesis of gastritis and gastroduodenal ulcers was proposed about 25 years ago and the presence of this bacterium is now established as the main risk factor in the development of stomach carcinomas and lymphomas [3] .
The secreted vacuolating cytotoxin VacA is believed to play an important role in the aetiology of ulcers [4] and it can directly induce gastric epithelial damage in mice upon either intragastric or oral administration. [5] .
H. pylori infection concerns billions of people in the world, with peaks of 90% of the population being infected in countries with poor sanitary conditions and a low socio-economical level. Currently H. pylori-symptomatic patients are treated with a proton pump inhibitor and two antibiotics. The success rate is high, but novel approaches are needed because of side effects, re-infection and the emergence of resistant strains [6] . Some epidemiological studies have indicated a correlation between H. pylori seropositivity and environmental factors, including diet: A lower incidence of infection has been associated with the consumption of vegetables [7] , wine [8] and green tea [9] .
Recent research has indicated that moderate consumption of wine and beer protects against H. pylori infection [10, 11] . Some key phenolic constituents of grapes have antimicrobial properties capable of inhibiting bacteria that cause common types of food poisoning, such as the food-borne pathogens Escherichia coli, Salmonella spp. [12] and Staphylococcus aureus [13] .
In addition, it has been suggested that the antibacterial agent in wine is a polyphenol, resveratrol. This polyphenol is active in acidic conditions (e.g. in the stomach) and may be linked to inhibition of H. pylori [10, 11] . Murray and coworkers [11] indicate that modest consumption of wine and beer (approximately 7 units/wk) protects against H. pylori infection, presumably by facilitating the eradication of the organism.
In a recent report it was shown that a red wine extract and isolated resveratrol inhibit the growth (in vitro) of H. pylori [14] and in 2003 it was demonstrated that resveratrol and red wine extracts inhibit in vitro the growth of CagA+ strains of H. pylori [15] .
In the literature, only a few studies have been reported on the activity of natural products against this pathogen; three studies [14] [15] [16] were dedicated to resveratrol and red wine extracts and their activity against H. pylori, but no paper was published about the activity of Italian red wines.
For this reason, the primary purpose of our study was to test Italian red wines for their possible antimicrobial activity against H. pylori in vitro, and to compare their activity with that of red grape juice and with isolated procyanidins, which are the most abundant class of polyphenols in red wine.
A large literature describes an ever-increasing number of activities of wine, tea and individual plant phenolics on cellular processes, enzymes and channels. In many cases these interactions have potential clinical significance. Recent results indicate that the synergistic contribution of phenolics and antioxidant activity may be more important for the inhibition of bacterial growth than the simple amounts of phenolics. This research has implications for diet-based management of H. pylori [17] .
There is increasing evidence that microbial pathogens induce oxidative stress in infected host cells [18] [19] [20] and this may represent an important mechanism leading to epithelial injury in H. pylori infection. [21] .
It is known from other cell systems that oxidative stress regulates cell cycle events via multiple pathways, with net responses that include aberrant proliferation, adaptation cytotoxicity, and cell death [22] .
Oxidative stress could well play a role in the altered epithelial proliferation, increased apoptosis, [23, 24] and increased oxidative DNA damage [23, 25, 26] associated with H. pylori infection. Evidence for this includes increased levels of reactive oxygen species (ROS) measured in the mucosae of infected patients. [26] [27] [28] .
The polyphenolic contents of wine, responsible for the antiradical activity, consist of two classes of components, flavonoids and non-flavonoids. They depend on the grape variety, vineyard location, cultivation system, climate, soil type, vine cultivation practices, harvesting time, production process and ageing.
The presence of free-radicals in human stomach can cause several inflammatory disorders; it is well known that H. pylori infection causes a flow of the redox-balance in gastric fluids with increasing free radical concentration.
For this reason, we decided to evaluate the correlation between antioxidant capacity and total polyphenolic and anthocyanin contents in Italian red wines.
In Table 1 the antiradical capacities of the tested Italian red wines and other samples are reported as inhibition of DPPH radical. Wines and grapes juice were tested at the concentration of 5% (v/v); procyanidins at 15 µg/mL. Table 1 , at the concentration of 5% all the tested wines showed high antiradical activity, always higher than 50%. Wines with the highest polyphenolic content have the strongest antioxidant capacity, more than 80%.
As reported in
In literature, contradictory and confused data exist about the correlation between the antioxidant capacity and the polyphenolic content of wine. This problem was widely discussed by Di Majo [29] and co-workers in a recent publication. They specified that a large part of researchers agree that a linear correlation exists between antioxidant capacity and total polyphenols content and that, as Arnous and coll. [30] claim, the anti-radical activity is due to the flavan-3-ols fraction and not to the anthocyanins. Di Majo and co-workers [29] conclude that the correlation between antioxidant capacity and total phenolic contents is weak and this could be explained by the fact that the wine antioxidant properties are influenced differently by each polyphenolic molecule in a different manner.
Following our results, the wine antiradical properties depend on the total polyphenolic content, and particularly on the anthocyanins.
We affirm that anthocyanins are very important for antiradical activity, in fact wines with the highest content in anthocyanins were the most active; the Cabernet Toscana, not having a large content in polyphenolic molecules, but being very rich in total anthocyanins, showed an activity of 84.3%%. On the other hand, the Barbera 1 from Piemonte, having only 126 mg/L of total anthocyanins, has the lowest scavenging activity (only 50.3%).
Procyanidins from Vitis vinifera have an antioxidant power higher than 50% (58.7%) at the concentration of di 15 μg/mL; their IC 50 is very similar to that of C Vitamin.
In vitro inhibition of Helicobacter pylori: For each sample, the susceptibility of H. pylori G21 was evaluated by the minimal inhibitory concentration (MIC) using a broth microdilution multiwell plate method. All samples were filtered with 0.2 μm cartridge filters (Schleicher and Schuell) and diluted with Brucella broth containing 10% foetal bovine serum and 2% cyclodextrin in a volume of 100 μL. Serial two-fold dilutions were performed and an inoculum of 5×10 6 microorganisms was added to each microwell. The plates were incubated for 3 days at 37 • C under microaerophilic conditions. The MIC was considered as the lowest concentration of sample at which a complete absence of growth was observed.
The minimal bactericide concentration (MBC) was determined using a blood agar plate subculture method. After 24 hours of plate incubation, from each well we subcultured 5 μL of mixtures onto blood agar plates, which were incubated for 3-5 days at 37ºC under microaerophilic conditions. MBC was considered the lowest concentration of sample in broth whose subculture gave a complete absence of growth on plates. Ethanol was also tested in the same conditions to exclude its possible interference with diluted wines. As reported above, alcoholic degree of wines is between 14.5% and 12.5%.
In Table 2 the inhibitions of Helicobacter pylori by different red wines and by other samples are reported.
The health-promoting and protective properties of plants have been used for centuries around the world. The antimicrobial effects of many plant extracts have also been well studied. A large part of all pharmaceuticals dispensed in Europe and in the United States have higher plant origins. Many phytochemicals are known for their antioxidant activity and in some cases antimicrobial activity, linked to the phenolic moiety and therefore they are suitable as source of natural antimicrobial extracts.
Many treatments with antibiotic have been recommended for eradication of H. pylori, but the emergence of antibiotic resistance make the treatment more complicated and the infection returns when the drug treatment is stopped.
Alcoholic beverages, fundamentally wine, have important bactericidal effects upon H. pylori and enteropathogenic bacteria.
This study indicates that a modest consumption of red wine could protect against H. pylori infection, presumably by facilitating eradication of the organism.
The activity of protection on gastric mucous of red wines is higher than that of the isolated active principles, at the same concentration: the synergistic contribution of phenolics and antioxidant activity may be more important for the inhibition of bacterial growth than the simple amounts of phenolics. Besides, wine, because of its hydroalcoholic nature, is probably the best vehicle for the pharmacological action. This offers a novel approach to the usage of very specific antioxidant alcoholic beverages, which offer synergistic antimicrobial effectiveness and can be considered "generally regarded as safe". Nevertheless it's very important to consider that the diversity of phenolic types from different wines greatly increases the functionality for health and wellness.
If these initial observations were further confirmed by in vivo studies, the presented data could be the basis for an excellent strategy to design the right wine or wine extract with specific phenolic profiles to attack H. pylori or other chronic bacterial infections. Such phenolic profiles also have the added benefit of enhancing host tissue and cellular response through enhanced antioxidant activity.
Experimental
The spectrophotometer used was a SAFAS MC2. Gallic acid, Folin-Ciocalteau solutions, Sodium Carbonate, Ethanol (96%), Hydrochloridric Acid (37%), Potassium Pyrosulphite and DPPH were purchased from Sigma, Milan.
Helicobacter pylori clinical isolated G21, was furnished by Prof. Natale Figura of University of Siena.
Red wines were kindly provided by Azienda Agricola Piccini, Castellina in Chianti, Siena and by "Associazione Nazionale Città del Vino", Castelnuovo Berardenga, Siena. All wines were produced in 2005. All samples are indicated as cultivar except Salento and Gutturnio that are wines with denomination of origin, prepared with two or more cultivar with a specific local regulation.
Red grapes juice was purchased in an organic farm situated in Siena. It was 100% red grapes juice from vineyard in Treviso, Italy. Grapes seed procyanidins were purchased from INDENA, Milan. The sample contains 91.5% of Grapes Seed Procyanidins. Grapes Seed Procyanidins were dissolved in methanol to the final concentration of 3.0 mg/mL.
Chemical analysis:
In this study we analyzed the content of total polyphenols of wines, grapes seed procyanidins and red grapes juice. Then we analyzed the total anthocyanin content of red wines since anthocyanins are one the most variable chemical parameters among different wines. From the wine labels, the ethanol content of the considered wines varies between 12.5% (Gutturnio) and 14.5 (Nero d'Avola 1)
Total polyphenolic and anthocyanin content: The total phenolic concentration was determined spectrophotometrically by means of two different methods: the determination of total polyphenolic index at 280 nm (I 280 ) for wines [31] and the Folin-Ciocalteau colorimetric method for the other samples [32] .
The Folin-Ciocalteau method was carried out taking 1 mL of each sample, 60 mL of water and 5 mL of Folin-Ciocalteau reagent. After 30 seconds, 15 mL of Sodium Carbonate (20% v/v) was added and the volume was made to 100 mL with distilled water.
The absorbance of each solution was measured at 765 nm against blank (distilled water), in a 10 mm cell. The total polyphenolic concentration was calculated from a calibration curve using gallic acid as a standard (500-3500 mg/L).
The total polyphenolic index was determined diluting wines in water (1:100 ratio) and directly measuring the absorbance at 280 nm. The value of the I 280 was calculated by multiplying the absorbance by 100. Gallic acid solutions were used as reference. Wine anthocyanins were determined using the Ribereau-Gayon method.
Two samples, each one containing 1 mL of wine, 1 mL of ethanol 0.1% HCl and 20 ml of 2% HCl (pH 0.8) were prepared. 4 mL of H 2 O was added to 10 mL of one of the samples and 4 mL of potassium pyrosulphite solution, 15% w/v, was added to 10 mL of the other and both mixtures were diluted to a double volume. The absorbance difference (dA) was measured at 520 nm in a 10 mm cell.
By comparison with a standardised anthocyanins solution, the concentration is given by the following equation:
(mg/L) = dA × 875. [31] .
In Table 3 the total polyphenolic and anthocyanin contents of tested Italian red wines are reported, expressed as mg/L.
The total polyphenolic content in Grapes Seed Procyanidins Solution was: 2745 ± 83 mg/L.
The total polyphenolic content in Red Grapes Juice was: 2075 ± 79 mg/L. DPPH free radical scavenging activity: DPPH free radical scavenging activity was measured according to the procedure described in literature [33, 34] .
